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Ouvtol 68 isolates of microorganisms scieened only |1 were primarily selected and found to be inhibitory in different degrees lowards
5 s0i! borne fungal plant pathogens viz. . Mucraphomma phaseuting, Sclerotivm rolfsii. Rhizoctonda sodani, Fusariwm oxvsporum £
sp. veopersiel ind Frsarnie efiet. Armons themisolues 5 and 5, showied high (+++) untigomstic praperies follpwed by isolates
8, 8,k y ks S seadiai Armong these four, Holures 8.5, and 5 were collected from the rhizosphere snil of groundnut while
ielate §,, was obtned from leftover and comtarinated fangal plates under laboratory condition. Charscleristically all these isolates
belota o the peimus Bopdius Theiridentity was subseguentiy contirmed from CML Surry, Kew, UK. and references were given as
follows - 1105, B dilier, T e, 3405456015, - Bueilhuy, CMINo 349546 (iii) S, - Bucillus CMINo. 349549 and (iv} S, - Bucillus,
CMI No. 349548
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INTRODUCTION

Sclerotimm rolfsii Sace. the incitant of foot rot of groundnut and sugarbeet in recent years causes considerable
damage resulting inloss of production under favourable conditions. Chemical control in one hand has
become more expensive and hazardous while breeding of resistant varieties is considered a long term
procedure. Biological control, therefore. has thus become more popular world wide (Weller. 1988) mainly
due to its non-hazardous effect to nearby ecosystems. The primary necessity is to select potential
biocontrol agent through vigorous screening both under laboratory and field conditions. In this aspects, a
large number of Bacilfus spp. have earlier been reported to possess inhibitory properties agamnst a number
of plant pathogens (Agarwal et al., 1978: Hedge et l., 1980, Filippier al., 1987; EL-Kasimei al., 1991:
Fiddaman and Rossalt. 1993). In the present experitment an ir vitro study was made following different
techniques Lo explore further the antagenistic properties of some isolates of Bacillus spp. against S roffsii.

MATERIALS AND METHODS

The isolates viz. § . 8,,and S were collecied from rhizosphere soil of groundnut crop in Nadia district
of West Bengal and S'° was obtained from contaminated fungal culture under laboratory condition (Ray,
1994),

Serial soil dilution plating was made following the technique described by Johnson and Curl (1972) using
soil-extract agar medium (Bunt and Rovira, 1955). Purification of the bacterial isolates were made by
streaking and restreaking on agar plates, till a single celled colony was obtained. The cultures were finally
maintained in PDA/NA slants at 5°C for future use. S. rolfsii was isolated from infected groundnut plants
(C.V.-11.. - 24), For establishment of suppressive etfect of the isolated bacteria, several in vitro techniques
were used against the larger pathogen as described below:
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(a) Inhibition of growth of host pathogen through cross inoculation studies

The active mycelial plugs of 5. rolfsii were placed aseptically on opposite side of the PDA plates and
allowed to grow for 48 hat Mp£1°C, The bacterial cultures of 48 hold were then streaked along the straight
line in between growth of the fungus and the plates werc reincubated at 30°x °C for 5-7 days. The plates
were subsequently examined o record any inhibitionin growth of the pathogen.

(&) Inhibition zone technique using bacterial plug inoculation

Potato - dextrose - agar at 45°C was seeded with 1.0 ml of bacterial suspension, poured into sterilised
Petriplates and allowed to solidify. These plates were incubated for 48 hat 30+ 1°C.

Small plugs were cut with adisc cutter from the bacterial culture and placed centrally on Petriplates
conmmining PDA, These plates were subsequently inoculated with 6-7 days old fungal plugs surrounding
the bacterinl plug. This dual cultures were incubated ot 30° + 1°C for 6-7 days to observe the inhibition
zone, if any.

(c) Growth inhibition of the pathogen by culture filtrates of antagonist bacteria

Cell free culture filtrates from 48 h old PD (Potato - dextrose) broth of the bacterial isolates were prepared
by centrifugation at 10,000 G for 15 minutes. Culture filtrate of each antagonistic bacterial isolate (5,,, 5,
S, and 8, ) was divided into tWo parts, One part was autoctaved for 15 minutes and the second part was left
unautoclaved. Both autoclaved and unautoclaved paris were diluted with sterilised distilled water and 4 such
dilutions viz., 25%. 505, 75% and 100%, were made. Distilled water either sterilised or nonsterilised served
us control. Five to six days old PRA- grown fungal (5, rolfsii pplugs were dipped into each mhibitor solotion
seperately for 2-3 minutes, The fungal plugs were subsequently placed centrally on sterilised PDA Petriplates
and incubated at 30° = 1°C.Afer 6-7 days, mycelial growth of the fungus was recorded for any inhibition
The entire experiment was conducted under aseptic condition.

(d) Inhibition in germination of sclerotia

PDA plates inoculated with the test fungus were incubated at 30° + 1°C for 15 days tor production of
sclerotia. These sclerotawere harvested with a sterilised twiser, air dried for two days, surface sterilised
with 0.5% sodium hypochlorite solution, dried in folds of sterilised blotiers and stored at 5°C in stoppered
conical flasks for future use. Freshly harvested mature sclerotia, apparently of uniform size, colour and
age were selected. Seventy Iwo herirs old bacterial broth (PD} was centrifused as before and the supematant
was filtered through a milipore filter. One part of this culture filtrate S ,, §,, 5, and 5, was autoclaved
and another part was left unautoclaved.

The sclerotia were then dipped into either antoclaved and unautoclaved pulture filtrates for 5. 15,30
minutes, 1 h, 2h and 3h. One hundred sclerotia were used for each treatment per culture filtrate for each
isolate. The treated sclerotia were placed on previously sitoclaved wheat grains placed on moist blotters in
sterilised Petriplates. Necessary replications and control were maintained. The Petriplates were incubated at
30°+1°C for 10 days. Observations were recorded at 2 days interval.

(e) Inhibition of pathogen with culture filtrates by agar diffusion technique

Both autockived and unautoclaved culture filirates of each isolate were taken in this study, Sterilised fish-
spines were dipped into culture filtrates (autoclaved and unautoclaved) of each bacterium and placed
centrally on PDA-Petriplates. Six days old fungal plugs (3 plugs/plate) of 5. ralfsii were placed surrounding
ihie treated fish spine on Petriplates, The plates were incubated at 307 = 1°C for 7 days.
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(f} Inhibitory effect of culture filtrates through intoxication of medium

Freshly prepared autoclaved and unautoctaved culture filtrates of 4 isolates (3, S, 5 ,and 3, ) were made
following methods described earlier. Cool, melted PDA medium were poured in sterilised Petriplates
aseptically and was allowed to gel. The culture filtrates (both autoclaved and unautoclaved with respective
controls with sterilised and non-sterilised distilled water) were seperately poured in each Petriplates @1.5
ml/plate with sterilised pipette. The culture filtrates were covered with a thin layer of cool, melted PDA
medium and allowed to solidify. Six days old fungal(S. rolfsii) plug was placed centrally of the PDA-seeded
plates and incubated at 30° + 1°C for 10 days.

(g) Inhibition zone with chloroform extracted culture filtrates using fish-spine technique

The culture filtrates of isolates S|, and S, were taken only for this study. Culture filtrates (autoclaved and
unautoclaved) of inhibitory bacteria were mixed thoroughly with 5% chloroform in a separating funnel. The
chloroform extracts were separated and sterilised fish-spines were dipped into each category of these
chloroform extracts of culture filirate and placed centrally on PDA seeded sterilised petriplates. Fungal
plugs of 6 day age were placed swrounding the treated fish-spine following the earlier procedure.

RESULTS AND DISCUSSION

Using Sclerotium rolfsii as test fungus, different methods were employed to study in detail inhibition by
some antagonistic bacterial isolates. For this particular pathogen isolates S, and S, showed highest
{+++) inhibition and S, and 5 the medium (++) under cross inoculation study (Table 1). Using bacterial
plugs inoculation technique similar trend in inhibition was recorded and depicted through photographs.

Table 1. In-vitro study of growth inhibition by inhibitory bacteria

Bacterial isolates S. rolfsii
5, +++
S, +t
S, ++
16 ++
Caontrol -

_' = No inhibition; ~+ = Poor inhibition; *++ = Moderate inhibition; *+++'= High inhibition.

Table 2. Ju-vitro sensitivity of 5. relfsiiagainst culture filtrate of inhibitor bacteria

Baclerial Unautoclaved culture filtrate Autoclaved culture filtrate
isolates

100% 75% 50% 25%  Control 100% 75% 50% 25% Conuol
S, T = = & i - - - - - -
S, +++ -+t A+t - - - . =
S. +++ 4+ + - - - - -
S ++ ++  ++ - - - - - -

i

*_' = Not sensitive (full growth}; *+'= Mild sensitive (High growth);
*4++' = Moderate sensitive (Moderate growth); “+++' = Highly sensitive (Poor growth}.
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Plate-1: [nhibition of S. relfsii through bacterial plug inoculation techniguie:: Showing inhibition of
mycelial growth of host pathogen by ditferent inhibitors with respectives controls.
@S ,(0)S, @S, @S,

Growth inhibition of the fungus by culture filirates of the antagonists inTahle 2 showed that inhibition by
isolates S, and S|, was highest {+++) at all the tested concentrations of unautoslaved culture filtrates, Isolate
S, zave highest (+++) inhibition at 100% and 75%. but moderate (++) and poor (+) at 50% and 25%
concentrations respectively. Isolate S, exhibited moderate (++] inhibition al three concentrations { 100%,
75 and 50%%) of unautoclaved culture filtrates. None of the ianlates showed any inhibition on the fungal
growth when autoclaved gulture filtrates were used. Dommant siclerotia are ane of the impartant Source of
infection on different hosts in fields. Thus, their sensitivity with respeet Lo germination and extent of growth
in culture filtrates of inhibitors were exaimined. Observation from Table 3 revedled that autoclaved cullure
filirates failed (o inhibit the sclerotial germination and mycelial growth even after ditferent time of reatment.
Effect of unautoclaved culwure filtrates were insignificant upto 60 minutes of treatment. Effective inhibition
of sclerotial germination and in mycelial growth was observed starting from 1 h to 3 h of treatment.
Maximum inhibition of both sclerotial germination and mycelial growth was recorded in the range of 0% (-
Y, 26 (+), 10% (+) and 11% (+) after 3 h of treatments with culture filtrates of §,,. S 5, and Sh

respectively. Inhibition study by agar diffusion technique clearly indicated that all the unautoclaved culture

17"

filtrates showed zone of inhibition against the lerget pathogen (Table 4).
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" Table 3. In vitro germination of sclerotia and growth of S. rolfsii in culture filtrates of inhibitory bacteria
¥ afier different time of treatment
Y
1 Germination of sclerotia (%) and mycelial growth
Isolates
Time
(dipping) S17 S12 S11 S16 Control
1N mins
N3 5 NS 5 NS S NS 5 NS 5
5 oo 100 100 100 100 100 100 100 100 100
+++ A+t +++ e+t +++ +H+ e+ +H+
15 100 100 100 100 100 100 100 100 100 100
+4++ -+ 4+ +++ +++ +H+
30 89 100 86 100 95 100 90 100 100 100
++ ++ ++ 44+ At +++ +++
a0 30 100 20 100 47 100 32 100 100 100
+ 4+t ++ + +++ + -+t +H+ -+
120 6 100 4 100 21 100 12100 100 100
+ + e+ + +++ + o+t 4+ +++
180 2 100 0o 100 11 100 10 100 100 100
S -+ + +++  + -t +4++ -+
1 *-' = No growth; "+ = Poor growth; *++' = Moderate growth; “+++' = Full/good growth; NS = Non
" sterilised culture filtrate; S = Sterilised culture filtrate.

Table 4. Mycelial growth of S. rolfsii near tish-spine dipped in culture filirates of inhibitory bacteria

Bactenal isolates Non autoclaved Autoclaved culture
ﬂf culture filtrate filrate
i 5ol 16.3" 0.0
Fi' S 14.5 0.0
S 135 0.0
S, 13.3 0.0
Control 0.0 0.0

| * Inhibition zone measured 1n .

Among them. 13olates S, showed best inhibition (16.3 mm} followed in descending order by S, (14.5 mm),

> & (135 mmiand§ (13 3mm) Inhibition in growth wis not observed in antoclaved culture filtrates
{:"mnp]cn: inhibitory eftec on the pathogen by the toxieity of hacterial culture filirates { Table 5} showed that
¥ isolates S, and S,, were strong inhibitors when the culture filtrates were unautoclaved. Poor (+) and
moderale (++) mycelial growth of the target pathogen was recorded on culture filtrates of isolates §  and 5|

respectively thus confirming their lower inhibitory properties. [t was observed from (Table 6) that both 5,
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Table 5. In-vitro study of culture filtrates of inhibilor bacteria against mycelial growth of 5. rolfsii

lsolates Unautoclaved culture Autoclaved culture
filtrate filtrate
S, . +++
5 12 - +++
5.6 + +++
5, ++ +++
Control +++ +++

“_' = No growth of fungus; +' = Mild growth of fungus: * 4+ = Moderate growth of gungus: i+ = Full
growth of fungus.

Table 6. In-vifro stady of chioroform extracted toxic metabolibe from culture filtrates of inhibitory bactena
against mycelium growth of . rolfsil.

Culture filtrate Unautoclaved Autoclaved
culture filurate + Chloroform culture filtrate + chloroform
5., 20.85 mm .
S, 17.85 mm -
Control =
*_' = No inhibition.

and S, showed good inhibition 2one af 2085 i and 17,15 mm respectively tocheck the mycelial growth
when treated with chloroform ex tracted unnutociaved culure filtrates. Bioconirol assay of the gelected
isplates clearky indicated that inhibition was evident irrespective of the different methods used, like cross
inoculation technigue, hacteriil plag inocalanon method, or ihibition tests with culimre filirates of inhibitors
in ditferent conceniraions, solerotial germination inhibition test, fish-spine method with unautoclaved and
chloroform extracted culiure filtrates, Generally the inhibitor principles were ihermolabile. The sclerotiaof
the pathogen became prone 1o the toxic effect of the culture filtrates requiring it least three hours dip
probably requining sufficient ahsorption (o take place. In thisrespect isolates S and S clearly performed
helter. A large number of reporns of inhibitory effect of Hacillustowards plant pathogens including 5 rolfsi
are availnble. Agarwal efal. {1078) reported inhibition of §. molfsii by Bacillus uibrifis with culture filtmte
on PDA medium. Hedgee! al (1980). Neweigy eral, { 1087}, Shigemitsu ef al. (1983, Kevser and Ferrein
{ 1988} and others studied different aspects of inhibition of pathogerin vitro. However, the present study
tirough the use of different standard methods confirmed beyond doubt the inhibitory principles of the
selected isolates against . rolfsil, Persuing hincontrol of a crop disease in field with tnxic metabolite,
however, nieed a more Tigorous testing hefore being applied.
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